Structural insights into trapping and dissociation of small molecules in K⁺ channels.
K(+) channels play a critical role in numerous physiological and pathophysiological processes rendering them an attractive target for therapeutic intervention. However, the hERG K(+) channel poses a special challenge in drug discovery, since block of this channel by a plethora of diverse chemical entities can lead to long QT syndrome and sudden death. Of particular interest is the so-called trapping phenomenon, characterized by capture of a drug behind closed channel gates, which harbors an increased pro-arrhythmic risk. In this study we investigated the influence of trapped blockers on the gating dynamics and probed the state dependence of dissociation in K(+) channels by making use of the quaternary tetrabutylammonium. By applying essential dynamics simulations and two-electrode voltage clamp we obtained detailed insights into the dynamics of trapping in KcsA and hERG. Our simulations suggest that the trapped TBA influences the F656 flexibility during gate closure. Based on these findings, we provide a structural hypothesis for drug trapping. Further our simulations reveal the extent of gate opening necessary for drug dissociation.